Objective. The field of pain-related research has gained more attention as the prevalence of chronic pain increased over the years. The objective of this research was to identify highly cited papers, as well as contributors, to pain-related research.
Introduction
The field of pain-related research has gained greater attention as the prevalence of chronic pain has increased over the years [1, 2] . Research showed that 6,360 papers were published on pain in three Thomson Scientific databases: Current Contents-Clinical Medicine, Life Sciences, and Social and Behavioral Sciences, in 2006 alone [3] . Several recently published articles focused on the bibliometric characteristics of pain-related research. Some focused on a specific syndrome, such as neonatal pain [4] , headaches [5] , and orofacial pain [6] . Some focused on a specific journal including Pain [7, 8] and Clinical Journal of Pain [9] . Some articles even focused on pain research in certain countries [3, 10] . In general, previous bibliometric research on pain-related articles made significant contributions to the field of bibliometric analyses, but tended to limit its study sample to either a year of publication, a journal of publication, or a country.
information about scientific progress in a research field [13] . Top-cited articles can provide insights into how research fields have evolved over time, and identify those researchers who have had high impacts in a research field. Although the citation rate is not a direct measure of the impact or importance of a particular scholarly work, it does provide a marker of its recognition within the scientific community [14] . Frequently, the best manuscript can be considered the one most cited in peer-reviewed journals [15] . The analysis of citation characteristics has been accepted as a popular method for measuring the impact of an article [16] , a researcher [17] , a country [18] , and a year [19] . A number of studies investigated top-cited articles in the Journal Citation Reports (JCR), particularly in medicine, such as in anesthesia [20] , surgery [21] , Parkinson's disease [22] , depression [23] , ophthalmology [24] , urology [25] , obstetrics and gynecology [26] , rehabilitation [14] , orthopedics [27] , and dentistry, oral surgery, and medicine [13] .
In this research, pain-related articles published from 1900 to 2011 were screened, and highly cited papers were identified and selected for a bibliometric analysis. To assess the extent of contribution, a new indicator, the major contributor index (MCI), was used, and its implications are discussed.
Methodology
Data used in this study were retrieved from the Thomson Reuters Web of Science, the online version of the Science Citation Index Expanded (SCI-Expanded) on February 15, 2013 . To identify pain-related research, documents with at least one of the following keywords in the title, abstract, author keywords, or KeyWords Plus were downloaded: allodyn*, analg*, arthralg*, brachialg*, causalg*, cephalalg*, cervicodyn*, colic, eudyn*, fibromyalg*, headache, hyperalg*, hypoalg*, maldyn*, migraine, neuralg*, nocicept*, odontalg*, ophthalmodyn*, vulvodyn*, otalg*, pain, painful, painkiller, painless, radiculalg*, and toothache, where an asterisk replaces any string of characters [28] . This search yielded 416,759 documents in 24 document types, published from 1900 to 2011. Non-articletype documents were excluded. In this research, only top-cited articles were selected for further analysis. The number of citations of an article in a single year, for example, 2011, is referred to as the C2011 [29] , and the total number of citations since publication to 2011 is referred to as the TC2011 [30, 31] . The advantage of this indicator was that it was a invariable parameter to ensure repeatability to provide more scientific and accurate information, in comparison with the index of citation from Web of Science which was updated as time goes on [32] . A top-cited article (TC2011 ≥ 100) was defined as an article with at least 100 citations since its publication to 2011. In total, 7,327 articles, 2.4% of 311,619 pain-related articles, had received at least 100 citations since publication. The impact factor (IF) of a journal was based on the JCR 2011.
The collaboration type was determined by the addresses of the authors. An article could be either a single-country article, in which all authors' addresses were from the same country, or an international collaborative article, which was co-authored by researchers from multiple countries [33] . In the SCI-Expanded, the corresponding author is designated as the "reprint" author; this study uses as the term "corresponding author" [33] . In a single author article where authorship is unspecified, the single author is both first author and corresponding author [29] . Similarly, in a singly institutional article, the institution is classified as the first author institution and the corresponding author institution [34] . In addition, only the first affiliation of corresponding author was considered when the author had multiple affiliations. Due to changes in country names or institution names over the years, some countries or institutions were grouped together. The Federal Republic of Germany and Germany were grouped together as Germany [29] . The Czechoslovakia and Czech Republic were reclassified as Czech Republic [35] . The Yugoslavia and Croatia were reclassified as Croatia [35] . The USSR and Russia were also reclassified as Russia [29] . England, Scotland, Northern Ireland, and Wales were grouped together as the United Kingdom (UK) [33] . Articles from Hong Kong published before 1997 were included in the Chinese category [30] . [36] . The first author is the person who contributed most to the work and writing of the article [37] . The corresponding author is perceived as the author contributing significantly to the article independent of the author position [38] . The corresponding author supervised the planning and execution of the study and the writing of the paper [39] . It is generally assumed that the first author and the corresponding author played significant roles, and they are the major contributors in producing a research paper. Thus, in this research, a newly developed indicator, the MCI, was used to assess the extent a researcher or an institution contributed to publishing an article. The MCI is calculated as the sum of first-author articles and corresponding articles divided by 2-times the total number of articles. It implies the percentage of instances one takes on the leadership role (first author or corresponding author) out of the total possible available opportunities. The equation is:
where FP is the number of first-author articles, RP is the number of corresponding-author articles, and TP is the number of total articles. When the MCI = 0, there is not a first-or corresponding-author article. When the MCI = 1, all articles are either first-or correspondingauthor articles.
Results and Discussion
Among top-cited articles, "The treatment of persistent pain of organic origin in the lower part of the body by division of the anterolateral column of the spinal cord" [40] was the earliest top-cited article (TC2011 = 176), published in 1912. The most recent top-cited articles were published in 2010, including "Inhibition of mutated, activated BRAF in metastatic melanoma" [41] with a TC2011 of 344; "Sipuleucel-T immunotherapy for castration-resistant prostate cancer" [42] with a TC2011 of 253; "Nilotinib versus imatinib for newly diagnosed chronic myeloid leukemia" [43] with a TC2011 of 158; and "The American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and measurement of symptom severity" [44] [20, 45] . The leading journals attracted top-cited publications, which in turn helped maintain the high IF for these journals [46] . Among the 718 journals, 56% (399) of all these journals were from the United States, followed by the UK with 183 journals (25%), and the Netherlands with 37 journals (5.2%). Ten of the top 12 productive journals were from the United States, while Pain and Lancet were from the Netherlands and the UK, respectively.
The leading Web of Science categories were neurosciences with 1,613 articles (22.0% of all top-cited articles), followed by clinical neurology with 1,592 (21.7%) articles, general and internal medicine with 955 (13.0%) articles, anesthesiology with 852 (11.6%) articles, surgery with 586 (8.00%) articles, orthopedics with 569 (7.77%) articles, and pharmacology and pharmacy with 481 (6.56%) articles. Citation frequency curves of individual articles can exhibit one of the following patterns: 1) initially much praised articles, 2) basic recognized work, 3) scarcely reflected work, 4) well-received but later erroneous qualified work, and 5) general work [50] . Figures 1 and 2 show the citation pattern of 10 articles with at least 3,000 citations (TC2011 ≥ 3,000). Two types of citing patterns can be observed including initially much praised articles and basic recognized work. Patterns showed a high impact after publication with sharply increased citations such as articles published in the 1990s, especially the article published by Ware [55] . These articles showed no significant peak but a slow and steady rise.
Leading Articles
Past research showed that, with increasing years, a paper has an increasing chance of being forgotten [56] . Moreover, as time passes, even "true classics" are gradually cited less often because their substance has been absorbed by the current knowledge, by a phenomenon called "obliteration by incorporation" [57] . Thus, the ranking of top-cited papers will fluctuate over time. Previous research found that since 1988, 94% of the 50 most frequently cited articles published in the American Journal of Roentgenology have changed rankings [58] . In general, among the top articles in Table 1 , with the exception of the article "A method for determining loss of pain sensation" [55] , by F.E. D'Amour and D.L. Smith published in 1941, all of the articles in Table 1 continued to receive high numbers of citations, as well as high rankings in 2011. Specifically, 7 of the 14 articles were still among the top 14 most-cited articles in 2011. However, for articles published before 1990, their rankings in 2011 were not as high as their all-time rankings, probably an indication of the "obliteration by incorporation" phenomenon. Figure 3 shows the number of articles and the average number of citations per article by decade. The 1990s had the most number of top-cited articles with 3,787, followed by the 2000s with 2,335. There was a significant peak in the number of top-cited articles in the 1990s. One speculation is that the recent significant growth in numbers of journals and papers has contributed to the increase in top-cited papers. It was found that 709,747 papers including 523,373 articles were published in 1991, 985,265 papers including 716,308 articles were published in 2001, and 1,536,602 papers including 1,119,792 articles were published in 2011 in SCI-Expanded. In addition, references cited in a paper were also found to have increased [59] . As more papers were being published, there were more opportunities to be cited, and hence, a greater likelihood to accumulate citations. Another reason could possibly be attributed to the lack of "abstract" section for most articles published before 1991 in the SCI-Expanded database. Hence, articles published before 1991 would have a less chance to be identified using the same keyword, as a keyword search would also include contents in the abstract.
Effect of Time on Citation Analysis
Top-cited articles in the 2010s had higher citations per article than articles in the 1980s, 1990s, and 2000s, despite having a much shorter article life. One speculation is that recently popular open-access journals have changed the effect of time, or article life, on citations. It was reported that open-access articles in general receive more citations [60] . Changes in journal publishing practices have allowed articles to receive more citations within a shorter period of time. Another possible reason is that the increasing number of pain-related articles in recent years has also provided more citation opportunities.
The citation of an article usually follows a time course. The article lifespan demonstrates the influence of the article on scientific research. Forty-eight percent of all top-cited articles had no citations, 20% articles had one citation, and 9.3% articles had two citations during the year of publication. In recent year (2011), 5.0% of all top-cited articles had no citations, 5.4% articles had one citation, and 5.8% articles had two citations. remained constant. On the contrary, it showed a small increasing trend over the first 20 years. Values of the CPP for articles published in 1971∼1990 also sharply increased over the first 2 years, reached a peak in the 5th year, and showed a slowly decreasing trend thereafter. Values of the CPP for articles published in 1991∼2010 significantly increased over the first 2 years and reached a peak in the 4th year, but showed a rapidly decreasing trend thereafter. Overall, articles published in later years had a more-rapid rise in citation numbers, needed fewer years to reach a citation peak, but also decreased more rapidly after the citation peak. If such a trend continues, it is expected in the future that top-cited articles will show an even steeper rise in citation and reach the citation peak within a shorter time, but will also decline more rapidly. Nevertheless, the peak year of the CPP was found to be longer than other medical-related research disciplines where the peak could be in the 2nd year [33, 61] .
Publication Performances: Countries, Institutions, and Authors
The geographical distribution of top-cited articles is presented in Figure 5 . North America and Western Europe were the main areas that produced top-cited pain research. Japan and Australia were showed high output. In general, Southeast Asia, the Middle East, Africa, and Eastern Europe were areas with low production. This result was consistent with other previous research [29] . In recent years, indicators of performance of first authors [62] , both first and corresponding author [29] , institutions [63] , and countries [64] were reported to compare publication performances. The contributions provided by different countries were estimated by the affiliation of at least one author of top-cited articles. There were 262 articles without author address information on the Web of Science. Of all articles with author's addresses, 5,769 (82%) top-cited articles were single-country publications from 43 countries, and 1,296 (18%) articles were internationally collaborative publications from 68 countries. Table 2 shows the leading countries. The top 20 countries were ranked according to the number of total top-cited articles published with their affiliations. It includes five indicators such as numbers of total articles, single-country articles, internationally collaborative articles, first-author articles, and corresponding-author articles. Moreover, the percentage of single-country articles among total articles for each country (S%) is also presented. The United States tops the list with 4,154 articles, followed by the United Kingom, Canada, and Germany. The G7 countries (the United States, UK, Canada, Germany, France, Italy, and Japan) had high productivity in top-cited articles, which included 6,053 (86% of 7,065 top-cited articles with affiliations). Domination in publication is not surprising from mainstream countries, as this pattern has occurred in many medical-related topics, for example patent ductus arteriosus [65] , asthma in children [66] , stem cells [67] , Helicobacter pylori [68] , and human papillomavirus [69] . Furthermore, previous studies on "citation classics" in obstetrics and high-impact anesthetic journals showed similar results [20, 26] . In terms of independent research, the United States again tops the list, with 79% of its articles being single-country articles, followed by Japan (72%), Denmark (64%), and the UK (60%). High independent research by the United States, Japan, and the UK was also found in top-cited articles in environmental sciences [70] and chemical engineering [29] . Similarly the United States, Japan, and the UK had high independent publications in medical-related research, for example, Parkinson's disease [71] , stem cells [67] , H. pylori [68] , and human papillomavirus [69] .
In order to analyze institutions and author publications, the MCI was firstly applied. Only 6,121 top-cited articles had affiliation information on both first-and corresponding-author, and only 5,712 top-cited articles with names of both first-and corresponding-author in the Web of Science were further analyzed in subsequent analysis. In total, 5,038 institutions had published a top- TP = total number of articles. TPR (%), SPR (%), CPR (%), FPR (%), and RPR (%), the rank and percentage of total articles, single-country articles, internationally collaborative articles, first-author articles, and corresponding-author articles among total articles, respectively; S%, the percentage of single-country articles among total articles for a country.
cited article, with 3,451 (68%) institutions publishing only one articles, 641 (13%) institutions publishing two articles, 214 (4.2%) institutions publishing three articles, 163 (3.2%) institutions publishing four articles, and 569 (11%) institutions publishing at least five articles. A small proportion of institutions accounted for a high proportion of top-cited articles, similar to previous findings in dermatologic research [17] . Table 3 shows the 28 institutions had published at least 60 articles. Harvard, with 235 articles, toped this list. Its output quantity was slightly below the Netherlands, but more than Australia. Table 4 showed a wide range of variation in the Tables 3 and 4 were all leaders in publishing top-cited articles, they did significantly differ, in their contributions, as well as in the mechanism through which they produced top-cited articles. In future evaluative research, the MCI can be used, along with other indicators, to provide a better profile of an individual or an institution in their roles in collaborations, as well as the extent of contribution.
Conclusions
Bibliometric research on top-cited articles in pain-related research has revealed some interesting findings. It shows that the citation life and citation pattern have changed over time for top-cited articles. In recent decades, topcited articles have reached a citation peak more quickly and have shown a more-rapid decreasing trend, compared with top-cited articles from earlier decades. Articles from earlier decades tended to show a slowly increasing pattern after publication, and a longer time to reach a citation peak, but then leveled off instead to show a definitive downward trend after the peak. Article life would seem to be compressed or shortened as the dissemination of information has adopted an electronic form, and information has become readily retrievable through the internet. This research also provides some evidence that as information is being produced and disseminated at a quicker rate, the so-called "classic" article that continues to receive a high number of citations for a long period of time will likely become a rare commodity in the future.
The use of the MCI can provide another important perspective in evaluating research performance. While the number of total papers has been extensively used in evaluating institutions or individuals, it can also be influenced by the extent of collaboration network of an institute or researcher. An indicator like the MCI can provide a proxy on contributions made by an individual or institution. It reflects the independent research ability and leadership. As shown in this research, the MCI showed wide variations among authors and institutions with similar total outputs. If an author is either the first-or correspondingauthor in all articles, the author would have an MCI = 0.5, which was an extremely high value. Future research can be carried out to identify the mean and variance of MCI for authors and institutions, in order to establish a basis for comparisons. In future evaluations of institution or individual performances, the MCI can be included to provide a better profile of research performance, particularly in fields that tended to have a large number of authors listed in a single article. However, the MCI should not be applied independently from the number of total paper. It is likely that as the number of paper increases, the value of MCI would likely to decrease, considering there is a limit on resources and research capacity. Thus, the MCI would work best if applied to institutions or authors within the same level of total output. Another limitation on MCI is that it assumed that first and corresponding author were the ones that make the most contributions in producing a research paper. While this is a well-accepted assumption, it may not always be the case, such as in the practice of "gift authorship," as previously reported [72] . The practice of "gift authorship" has led to overestimation in the evaluation of research performance of individuals or institutions, and is almost impossible to be identified. Nevertheless, despite of its limitations, the MCI can provide additional information, and if used together with the TP, it can reveal important information on collaboration and the independent research capability.
